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JIL-1 has recently been characterized as a protein l~inase implicated in dosage 
compensation and chromosomal organization. To further understand its role in .L~t~asap~iila, 
plasmid constructs to be injected into transgenic flies have been created which carry 
truncated JIL-1 sequences ligated to that of fluorescent proteins. Cane fluorescent fusion 
construct that contains the carboxy-terminal domain of JIL-1 was microinj ected into 
.drosophila by use of P element vectors and expressed with G1-~L4 driver lines. The protein 
can be visualized in numerous tissue, and localizes to polytene chromosomes from salivary 
glands. This will be used in future experiments to determine roles of the carboxy-terminal 
domain of JIL-1 by studying it's localization and phenotypic affects. Also, JIL-1's 
interactions with other proteins was investigated by testing its possible binding to lamin 
protein. JIL-1 was found to co-immunoprecipitate with lamin from S2 cells and l~rasaphila 
embryos. ~-ST fused to the carboxy-terminal domain of JIL-1 was used in SST pull down 
assays to shove this domain contains the possible interaction region. Biotin labeled Iamin tail 
fusion proteins have been produced to be used in further assays. Plans have been detailed for 
using this data for future experiments. 
Il~TTIt~DI.TCTIQN 
JIL-1 is a tandem serine/threonine ~inase that shares sequence homology with human 
mitogen- and stress-activated kinase (MSK 1 }. The gene translates into a 1 X4'7--amino acid 
protein with a calculated molecular mass of 137 kDa. By using a CrFP fusion protein, it was 
found that JIL-1 localises to the gene-rich interband regions of larval polytene chromosomes 
and is upregulated on the male ~ chromosome (Jin et al. 1 X99}. Also, it has been proposed 
to be necessary to maintain the structure of the chromatin regions that are involved in 
increased gene transcription (Wang et al. 2~O I }. Unlike the JIL-1 kinase domains, the 
amino-terminal and carbonyl-terminal domains of JIL-1 have not been implicated in any 
known function ar structural role. 
To determine signal pathways that JIL-1 is involved in, interacting proteins have been 
discovered, and one determined to be a possible phosphoryiation substrate. Histone H3 was 
phosphorylated in the presence of JIL-1 using an in vitro reaction containing [~~-~~P]A'1'1'. 
Hypomorphic JIL-1 alleles show decreased levels of histone H3 Ser 1 ~ phosphorylatian. 
Condensation of polytene chromosomes and disruption of banding patterns is correlated with 
this decrease. These levels can be restored to normal when aJIL-1 transgene is introduced 
(Wang et a1. 20Q 1 }. H3 phosphorylatian has been correlated with transcription activation 
(Nowak et al. 2~a0}. Therefore, JIL-1 may play a role in a transcription signaling pathway 
and is important for maintenance of chromosome organization. 
Since JIL-1 is observed to be upregulated almost two fold on the male X 
chromosome, experiments have been done to determine whether it interacts with male 
specific lethal {MSL} dosage compensation complex proteins. In ~t~oso~ahila, transcription of 
male x genes are upregulated almost two fold to equalize with the two female x 
chromosomes {Lucchesi et al. 1998}. The MSL complex is implicated in targeting a histone 
acetyltransferase that acetylates H4 on the male X, and altering chromatin structure {Smith et 
al. 2000}. Qn salivary gland polytene x chromosomes, JIL-1 .staining overlaps with that of 
MSL 1, MSL2, and MSL3. Ectopically expressed MSL proteins can cause the MSL complex 
to localize to the female x. In these lines, JIL- I is upregulated an the female x. In MSL 
homozygous backgrounds, the complex is no larger able to assemble and JIL-1 
concentration on the female x is equal to that of the autasomes. Furthermore, JIL-1 kinase 
domains fused to GST were able to pull down the MSL complex {Jin et a1.2000}. 
An isoform of Lola, zf5, has recently been identified as a interacting protein with JIL- 
1. Lola was identified in a screen far mutations that affect the development of DNS axon 
pathways in the Drosophila embryo {Seeger et al. 1993}. The Iola locus has a predicted 
minimum of 17 different proteins products, and zf5 is only expressed during early 
embryogenesis. The interaction between Lola zf5 and JIL-1 has been observed in both yeast 
two-hybrid and pull down assays. Also, genetic interaction assays have determined that a 
Iola mutant containing a P element insertion {Iola Oo~4~} is a dominant modifier of a 
hypomorphic JIL-1 allele {,Zhang et al. 2x03}, 
3IL-1 was found to interact with lamin proteins in a yeast 2 hybrid screen, Lamins 
are mainly located at the nuclear periphery as part of the nuclear envelope, but have been 
recently found in the nucleoplasm. The basic structure of lam.in is a central alpha-helical 
coiled-coil domain, homologous to intermediate filament proteins, which is surrounded by 
nonhelical domains (Fisher et al. 198}. The carboxy-terminal tail domain of lamin has been 
characterized as an immunoglobulin {Ig} domain because of its specific compacted beta-
strand sandwich structure. Ig domains generally serve as structural scaffolds or mediators for 
interactions with proteins, DNA, or phosphalipids {Dhe-Paganon et al. 2002}. It is thought 
that lamins provide support to the nuclear envelope and are involved in transport between the 
membrane. When deletions were made in the alpha-helical domain of lamin, aberrant 
nuclear shape and disruption in lamin organization was observed (~chirmer et al. 2001}. 
Also, using an N-terminal deletion of lamin, it was found that disruption of the f~lamentaus 
organization blocks DNA synthesis near the change between initiation to elongation phase of 
replication. (Moir et a1. 2000}. After mitosis in G 1 phase, it was demonstrated that lamins 
accumulating within the nucleoplasm associate with partially decondensed chromatin, but not 
nuclear membrane {Bridger et al. 1993 }. 
~~osophila melano~aster has two genes for lamin, Dm0 and lamin C. Dm0 is 
expressed in all cells through development, and lamin C is expressed late in embryonic 
development and in differentiated cells (Gruenbaum et al. 1988}. A F[lacZ~ transposon 
insertion mutation in the Dm0 gene has been found to have many interesting phenotypes in 
the organism. These include disrupted projection patterns of terminal branches in the 
tracheal system, the eggs showing strong defects in dorsal-ventral polarity, and na expression 
of Dm0 in germline clones (Cruillemin et al. 2001). Since it was also observed that gurken 
rr~~NA was mislocalized in these mutants, they hypothesized that lamin is influencing gene 
expression due to its role in chromosome organization. Another group tested this by using a 
dominant negative lamin mutant lacking the N-terminal domain. They suggested that laxnins 
may act as a scaffold for transcription factors because TBP distribution is disrupted in the 
mutants and polymerase II-dependent transcription is inhibited (Spann et al. 2002). 
There are also roles of lamin mutations in a number of human diseases. Humans have 
3 different lamin genes named L~~TA (produces lamin A and C), LI~I~~TB 1 and L~C~B2. 
These encode seven alternately spliced isaforms (~oldman et al. 2002). An autosomal 
dominant form of Emery-Dreifuss muscular dystrophy (FOND) was determined to be caused 
by a large variety of lamin mutations far different human patients, but most commonly by 
missense mutations in two separate clusters of highly conserved residues in the lamin A/C 
tail domain. This causes progressive muscle weakening, contractures in the Achilles, elbow, 
and neck tendons, and cardiac arrest caused by cardiac conduction defects (Bonne et al. 
2000). Dilated cardiomyopathy, which can cause congested heart failure, is caused by 
missense mutations in the alpha-helical-rod domain of the lamin A1C gene, and one in the 
lamin C tail domain (Fatkin et al. 1 X99). Also, familial partial lipadystrophy, Dunnigan 
variety, is caused by missense mutations in the carboxy-terminal tail domain of lamin A/C. 
This leads to lass of subcutaneous adipose tissue from the extremities and tr~uank, excess fat 
deposition in the head and neck, and is frequently associated with profound insulin 
resistance, dyslipidemia, and diabetes (Speckman et a1.2000). It has been proposed that 
these diseases result from accumulation of damaged nuclei from the reduction of lamin 
organization and its influence on inner nuclear membrane proteins (Hutchinson et al. 2001). 
To further study JIL-1 in viva, deletion mutations have been made and stably inserted 
into the genome to create transgenic organisms. Transgenic Dr~osophi~'rx can be made by use 
of P elements vectors. P element vectors have been used far the past twenty years to stably 
insert foreign/manipulated gene sequences into the Drosophila genome. This method takes 
advantage of the fact that transposable P elements can move exogenously from one region of 
DNA to another carrying DNA between the inverted terminal .repeats. The transopasase gene 
is alternatively spliced to produce a transposase in germ Tine cells, or a transposase repressor 
in somatic cells. A Drosophila line has been isolated that has a deletion in the exon between 
intran 2 and 3. This line is no longer able to make the transposase repressor. This causes the 
gene to always produce transposase, but not the repressor. Therefore, micrainjection of 
plasmids containing P elements into these organisms allows the Drosophila to possibly 
uptake any DNA sequence ligated into the vector inside the P element transposon. This 
organism can then be crossed with awild-type to remove the transposase source. This will 
enable the P element insertion to stably maintain it's position in the genome. These P 
elements have been made to contain a visible marker, such as rosy and white, so that the 
transformed organism can be selected from non-transformants. 
Microinjecting truncated 1IL-1 fused to fluorescent protein sequence in a P element 
vector will be used to study localization of different portions of the JIL-1 protein. The 
localization of the carboxy-terminal domain (CTD} of JIL-1 will be observed to determine if 
it is sufficient for the specific binding of JIL-1 to the sex and autosomal chromosomes. Also, 
the ~'1'.I.~ will be studied for whether it helps JIL-1 to be upregulated to the male ~ 
chromosome. Transgenic ~rosoph~la will be made in the near future with the P element 
vector described below which has a deleted ~'1'I.~. This will be impor~;ant in observing any 
resulting phenotypes resulting from the loss of the C'1'L). JIL-1's interaction with lamin 
proteins is further studied with interaction assays. once the specific binding regions are 
known, this information can be used to disrupt their interaction by mutagenesis to study the 
resulting phenotypes. 
l~ZATE~t~ALS AND METHQDS► 
Drosophila stocks 
Fly stocks were maintained according to standard protocols Roberts, 1 g8b}. ~regon-
R was used for wild-type preparations. 
construction of p~TAST CFP JIL-1 STD vector 
To create a .1~rr~sophila line that can produce a fluorescently tagged fusion protein of 
the JIL-1 carboxy-terminal domain (CTD}, a construct was created of the C'1'i~ tagged with 
Cyan Fluorescent Protein CFP} sequence in a P element vector. Since the nuclear 
localization signal of JIL-1 is not in the C'1'.I~, it needed to be fused to the protein so that it 
will enter the nucleus after translation. The CFP-NL S vector ~Clontech} was obtained to 
allow the fusion protein to have the CFP tag containing the signal. The CFP-NLS sequence 
fragment with NotI and EcoRI sites was created by PCR against the CFP-NI., S vector with 
created primers forward = 5'ataagaatgcggccgccaccatggtgagcaagg 3', Reverse = 
5' ccgaattcgtatctagatccggtggatcct 3' }. The PCR product was digested with Notl and EcoRI 
enzyme to create sticky ends for ligation. The JIL-1 C'1D fragment was obtained from 
previously made GST-JIL-1 C'1'I.) by digesting it with EcoRI and SaII. The CFP-NLS and 
JIL-1 CTD fragments were ligated together at their EcoRI sites. The ligated fragments were 
then inserted into pBluescript plasmid, which had been digested with Notl and SaII, for 
amplification and addition of new restriction sites. To screen far bacteria containing vectors 
with the insert, white colonies were chosen from plates containing gal and IPTG. After 
obtaining a positive clone and extracting the DNA, a fragment was removed by digestion 
t) 
with NotI and KpnI to obtain different restriction sites that are compatible with the pUAST P 
element vector (lab stock). The fragment was inserted into the pUAST vector at these sites 
within the inverted repeats of the P element. 
Construction of pUAST GFP JIL-1 L~CTD vector 
~FP JIL-1 ©~'.I'l~ fragment was obtained by digesting the previously made vector 
NEGFP mrpl,2 with EcoRl. This clone contains the sequence for the ~-reen Fluorescent 
Protein ~~FP} inserted upstream of the JIL-1 start codon of cI~NA. The JIL-1 sequence 
ends at an EcoRI site near the junction between the kinase II domain and the CTI~, The 
fragment was inserted into the EcoRI site of the pUAST vector within the inverted repeats of 
the P element. Restriction enzyme analysis and sequencing was used to screen E, soli with 
plasmids that have the insert in correct orientation. 
Microin jection 
~FP JIL-1 C'1'l.~ vector was prepared at a concentration of 1 mg/ml for microinjection. 
D~osaphila lines containing yw; ~2, 3 Sb/TZVI2 Ubx were contained in a collection jar and 
embryos were collected at age 0-30 minutes on apple juice agar plates. Embryos were 
decharionated with So°~o bleach and lined up on coverslips. After a drying period of 5-~ 
minutes, embryos were microinjected into their posterior ends with the vector DNA. 
Surviving larvae were removed after 24 hours and kept for development in yeast paste. 3~d
instar larvae were transferred to vials. Adults were mated with yw flies and the progeny 
were screened for red eyes. 
Co-immunoprecipitation assays 
For co-inlmunoprecipitation (ip) experiments with VS-tagged JIL- 1, 3µg anti-VS 
monoclonal antibody (Invitrogen) was coupled with 10 µl protein G—Sepharose beads 
(Amersham Pharmacia) for 2 h at 4°~ on a rotating wheel in 200 µl ip buffer (20 rr~l1/I Tris- 
HCI, 150 rr~Nl NaCI, 10 rr~~ EDTA, 1 rr~~ E~'rTA, 0.2% Triton ~-100, 0.2% NP-40, 2 rr.~I 
Na3V~4, 1 nr~/I PMSF and 1.5 µglml aprotinin, pH 8.0) and then incubated overnight at 4°C 
with S2 cell lysate (1 Ob cells/200 µl ip buffer) from cells stably expressing a VS--JIL-1 fusion 
protein. As a control for the beads, lysate was also incubated with protein ~-Sepharose 
beads in the absence of the antibodies. Beads were then washed three times for 10 min each 
with 1 ml of ip buffer. Proteins were separated on SDS-PACE gels, transferred to 
nitrocellulose, incubated with lamin antibody overnight, washed in TB S (0.9% Nail, 100 
rri1Vl Tris [pH 7. S]), incubated with HRP-conjugated goat anti-mouse antibody (1:3000) (Bia- 
Rad) for 2.5 hr, and washed in '1'.~3 S . The signals were detected by ECL chemiluminescence 
(Amersham Pharmacia). 
For co-immunoprecipitation experiments with lamin, experiments were done with the 
same protocol as described above except 3µg of anti-lamin monoclonal antibody was 
coupled -to protein ~-Sepharose beads and 52 cell lysate. Also, nitrocellulose membranes 
were incubated with anti-VS antibodies and incubated with ARP-conjugated goat anti-rabbit 
antibody (1:3000). 
To conduct co-immunoprecipitation with embryo lysate, 3µg anti-JIL-1 antibody 
(NES 2889) was coupled with 20 µl Igo chic.~en beads with same protocol as described 
above. 0-bhr Drosophila embryos were collected and dechorianated in 50% bleach. 
Embryos were crushed with a bounce homogenizer and incubated for ~5 minutes at 4°C in ip 
10 
buffer. Lysate was incubated to the antibody coupled beads as described above. For co- 
imm.unoprecipitation experiments with lamin, protocols were done as described above except 
~ µg of anti-lamin monoclonal antibody was coupled to protein G-Sepharose beads and 
embryonic lysate. Also, nitrocellulose membranes were incubated with anti-NES antibodies 
and incubated with ~IRP-conjugated goat anti-chicken antibody (1:3000}. 
GST pull down assays 
GST—JIL-1 STD fusion protein sequence (residues 927--1,207} was previously 
constructed by P+~R and inserted rota the pGEx4T-2 (Amersham Pharmacia} vector for 
expression in E. eol i {Jin et al. 2000}. dell pellets were resuspended and washed in PBS, 
sonicated, and mixed with glutathione agarose beads {Sigma-Aldrich) to bind the fusion 
proteins. The GST JIL-1 STD proteins were used to pull down lamin proteins from embryo 
lysate as described above in the coimmunoprecipitation experiments. The beads-protein 
complexes were washed 3 times far 10 minutes in ip buffer and boiled for 5 minutes in SDS 
buffer, Proteins were separated on SDS-PAGE gels, transferred to nitrocellulose, and bound 
to either anti-lamin or anti-GST antibody overnight. The membranes were washed in TBS 
(0.9% Nail, 100 rr~llil Tris [pH 7.5]}, incubated with HRP-conjugated goat anti-mouse 
antibody (1:3000} {Bio-Rad) far 2.5 hr, and washed in '1'I3S. The signals were detected by 
ECL chemiluminescence {Amersham Fharmacia}. 
I.amin tail fusion protcin construction and production 
For interaction assays between JIL-1 and the tail domain of lamin, a vector construct 
of the carboxy-terminal (tail) domain of lamin fused to a biotin tag construct was created. 
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Primers generating Ban~HI and NotI sites were made against the 5' and 3' ends of the lamin 
tail sequence in a construct containing Dm0 {Forward- 
s' cgatgcggccgcttacataatggcgcacttctcg3', Reverse-5' cgatgcggccgcttacataatggcgcacttctcg3' ). 
After PCR amplification, the fragment was ligated into a ~a-2 Pin Point biotin tag vector 
{Pramega) at these restriction sites and transformed into S~:TI~ cells. Candidate clones were 
screened by restriction digest analysis and sequencing. 
The positive clones were tested far whether the fusion protein could be expressed and 
purified from the cells. S~:TI~ cells without the vector and cells containing the original ~a-2 
vectors were tested as negative controls. All cells were grown in the presence of loo µM 
IPT+G to induce the production of the protein, and 2 ~.M biotin to label the lysine residue at 
the amino-terminal end. Cell pellets were resuspended in 1 ~ volumes {mllgram cell paste) of 
cell lysis buffer {So~r~~I Tris-HCl pH 7.5, 5o~r11~I NaCI, 5% glycerol}. The cells were then 
fractionated by sonication with 1 ~, 15 second pulses. Cell debris was removed by 
centrifugation. The remaining solution was then mixed with streptavidin beads to purify 
biotinylated protein from the rest of the solution, SDS-PACTS and western transfer was 
performed with the bead extracts and alkaline phosphatase was added to the blocking buffer 
to bind to the proteins in the membrane. The unbound enzyme was washed off and the 
membrane was mixed in a solution containing 5-bromo,4-chloro,~-indolylphosphate {BLIP}, 
nitroblue tetrazolium {NBT), and alkaline phoshatase buffer to detect the biotinylated 
proteins and determine their size against a protein marker. 
12 
~E►ESULTS 
Vectors cantainin~ ,AIL-1 fluorescent fusion protein sequence compiet~ 
To create a transgenic D~osa~hila line that can produce a fluorescently tagged fusion 
protein of the JIL-1 CTD {pLTAST CFP JIL-1 CTD}, a construct was created of the CTD 
tagged with CFP in a P element vector with a white gene marker. This will be used to test 
the localization of the CTD of JIL-1 in the absence of the full length protein. The CFP was 
chosen as a tag because the protein can be observed by using a microscope filter that allows 
cyan wavelength to reflect off the protein and be observed. Also, anti-CFP antibody can be 
used to visualize and detect the protein. Since the nuclear localization signal of JIL-1 is not 
in the CTD, it was fused to the protein sequence so that CFP JIL-1 CTD will enter the 
nucleus after translation. Figure 1. shows a map of the construct that was microinjected and 
use in later experiments. 
Another JIL-1 flourescent fusion protein vector, pUAST CFP JIL-1 ~C'1'U, was 
created to be microinj ected at a later date. The full length JIL-1 sequence with the CTD 
missing was fused to a CFP sequence, and inserted into a P element vector with a white gene 
marker. This protein can be visualized in the organism with a CTFP filter or anti-GFP 
antibody assay. The map of the finished construct is shown in Figure ~. For future 
experiments, this construct can be microinj ected and use to determine whether deleting the 
CTD from JIL-1 has any observable effects on the organism or protein localization compared 
to wild type. 
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Figure 1. Diagram of pUAST CFP J~L-1 CTD Vector Cyan Fluorescent Protein 
sequence containing a nuclear localization sequence was ligated upstream to the EcoR 1 site 
of the CTD of JIL-1. The start codon for the CFP is in frame with the CTD sequence. The 
fusion protein sequence was inserted at the Sal i and Not 1 sites of a double digested pUAST 
vector that contains a downstream white gene, an upstream ~AL4 LTAS, and is in between 
the inverted terminal repeats of a P-element transposon. 
5'P element ITR 
pUAST CFP JIL-1 CTD 
3'P element ITR 
1~ 
Figure 2, Diagram of pUAST G-FP JIL-1 ~~TD vector ~-reen Flouresent Protein 
sequence fused upstream of JIL-1 L1CTD was inserted at the EcoR 1 site of a p~TAST vector. 
The start colon for the G-FP is in frame with the JIL-1 ~CTD sequence. The pUAST vector 
contains a downstream white gene, an upstream GAL4 UAL, and is in between the inverted 
terminal repeats of a P-element transposon. 
5'P element ITR 
3'P element ITR 
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CFP JIL-1 CTD is visualized in different tissue types 
To observe whether the CFP JIL-1 C'1'.0 insertion can be expressed with a +GAL4 driver, 
the transgenic organisms were crossed with ubiquitously expressed ~AL4 lines, driven by 
actinSC, balanced with visible markers. Flies expressing this protein do not have any 
obvious phenotypes different from uninfected flies. Figure 3 A shows an egg chamber 
dissected from a CFP JIL-1 CTD line that has not been crossed to a ~AL4 driver. No CFP 
signal was detected. V~hen the line was crossed with a GAL4 driver, which is driven by actin 
proteins, CFP signal can now be detected. Figure 3 B shows that the nuclei of follicle cells 
have a strong CFP signal. Also, Figure 3 C shows that it can be detected in brain cell nuclei. 
To determine whether CFP JIL-1 C'1'l~ can Localize to chromosomes, salivary glands were 
dissected from the driven lines and observed for CFP signal. As seen in Figure 3 D, the 
nuclei of salivary glands show a strong CFP signal. Squashes were done to observe 
localization of CFP JIL-1 C'1'13 on bands of the polytene chromosomes {Figure 3 E}. The 
signal is localized in a distinct banding pattern throughout the polytene chromosome. 
~TII1-1 co-immunoprecipitates with lamin 
The results in Figure 4 show that the V5 antibody extracted the V5-JIL-1 protein from the 
lysate, and lamin protein was also extracted along with it because of interaction with the 
fusion protein. The negative control lane contained the protein G beads mixed with the cell 
lysate and washed with buffer to control for any proteins that may interact with the beads. 
No lamin protein was detected in this negative control lane. V~hen anti-lamin was used to 
extract lamin protein from the lysate, JIL-1 was not 
~~ 
Figure 3. CFF JIL-1 CTD is expressed in different cells and tissues 
Transgenic L?~osophi~a lines containing the inserted CFP JIL-1 C'1'I3 sequence on the X 
chromosome were crossed to actinGAL4/T~6Tb lines. Non tubby Larvae were collected and 
tested for CFP signals. A) No signal is detected in egg chambers of non driven CFP JIL- ~ 
CTD lines. B) The resulting egg chambers from the non Tb lines. Signal is detected 
predominantly in the follicle cells. C) Brain squash shows CFP signal detected in neuron cell 
nuclei. D) Intact salivary glands contains strong signal in nuclei. E} Palytene chromosome 
squash from salivary glands show signal detected in a banding pattern. 
~~ 
Figure 4. VS-JIL-1 Fusion Protein Co-immunoprecipitation Results Between J1L-1 and 
Lamin JIL-1 physically interacts with lamin protein. (A) Immunoprecipitation of lysates 
from S2 cells stably expressing a VS-tagged JIL-1 fusion protein was performed using either 
anti-lamin (first column), or anti-VS (second column) antibodies and analyzed by SDS- 
PAGE and Western blotting using anti-lamin antibody for detection of the lamin protein. 
Laurin protein is detected in the S2 cell lysate (lane 4) as well as in the anti-lamin and anti- 
V5 immunoprecipitated samples (lanes 1 and 2), but is not detected in the control containing 
no antibody (lane 3). (B}Anti-VS monoclonal antibody was used to detect VS-JIL-1 protein 
from immunoprecipitated lysates. VS-JIL-1 protein is detected in the S2 cell lysate (lane 8) 
and the anti-VS immunoprecipitated sample {lane 2) but not in the anti-lamin 
immunoprecipitated sample (lane 5). It was also not detected in the control containing no 







Lane 2 Lane 3 Lane 4 
Anti-VS Neg. control Lysate 
Lane d Lane 7 Lane $ 
Anti-V~ Neg. Control Lysate 
Detected with anti-lamin 
Detected with anti-V5 
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observed in the extract. This may be because there is too little JIL-1 in the sample to detect, 
or that the JIL-1 binding sites were not available for interaction. 
Figure 5 shows that anti-JIL-1 extracted both JIL-1 and lamin. The control for protein 
interaction with the beads was tested by conducting the extraction in the absence of antibody. 
No protein was detected in this negative control lane. As in the S2 cell experiment, extract 
pulled down with anti-lamin antibody did not contain detectable amounts of JIL- l . 
GST Pull down implicates JIL-1 CTD with lamin interaction 
To narrow down the region necessary for the interaction between JIL-1 and lamin, GST- 
JIL-1 fusion protein vectors previously constructed in the lab were used to do determine 
whether the C'I'1.) alone can bind to lamin. The presence of lamin protein that bound to GST- 
JIL-1 STD was detected with anti-lamin antibody. Lamin was not pulled down by GST-JIL-
1 NTD. This was used as a negative control to show that it is not the GST protein in GST- 
JIL-1 STD that is responsible for the interaction. A negative control to determine whether 
the glutathione-agarose beads interacted with proteins was done by conducting the extraction 
in the absence of any GST fusion protein. This sample also did not bind to lamin protein 
Figure 6}. 
Vector containing lamin tail fused to biotin tag sequence completed 
As described in the Materials and Methods section, a construct vector containing 
lamin tail sequence fused to a biotin tag was created to create a fusion protein that can be 
expressed in bacterial cells. The construct was correctly identified by sequencing and a 
representative map is shown on Figure 7. 
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Figure 5. JII1-1 from Embryo Lysate Pulls Down JIL-1 and Laurin (A) 
Immunoprecipitation of lysates from 6-9 hour Drosophila embryos was performed using 
either anti-Laurin (first column), or an antibody against the amino-terminal domain of JIL- 1, 
named NES, {second column} and analyzed by SDS-PAGE and Western blotting using anti- 
Laurin antibody for detection of the Laurin protein. Laurin protein is detected in the embryo 
Lysate (lane 4) as well as in the anti-Laurin and anti-VS immunoprecipitated samples (lanes 1 
and 2}, but is not detected in the control containing no antibody (lane 3). (B) Anti-NES 
chicken antibody was used to detect JIL-1 protein from immunoprecipitated lysates. JIL-1 
protein is detected in the embryo Lysate (lane S) and the anti-NES immunoprecipitated 
sample (lane 2}but not in the anti-Laurin immunoprecipitated sample (lane 5). It was also not 
detected in the control containing no antibody (lane 7). 
A. 
Lane 1 Lane 2 Lane 3 Lane 4 




Lane 6 Lane 7 Lane S 
NES antibody Neg. control Lysate 
Detected with anti-Laurin 
Detected with NES 
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Figure 6. GST-JIL-I-CTD Pulls Down Laurin (A} GST pull down of lysates from ~-9 
hour Drosophila embryos was performed using either the fusion protein GST-JIL- I -NTD 
(first column), or GST-JIL-I-CTD (second column) and analyzed by SDS-PAGE and 
Western blotting using anti-lamin antibody for detection of the lamin protein. Laurin protein 
is detected in the embryo lysate {lane 4} as well as in the GST-JIL-I-CTD sample (lanes 2), 
but is not detected in the control containing GST-JIL- I -NTD and the control containing no 
GST protein (lanes 1 and 3). (B) Anti-GST monoclonal antibody was used to detect the 
presence of the GST fusion proteins. GST-JIL- I -NTD and GST-JIL-1-C"1'll are detected in 
the samples (lanes 5 and 6}. The GST fusion proteins are not detected in the control 
containing no GST protein and not in the embryo lysate (lanes 7 and 8}. 
A. 
Lane 1 Lane 2 Lane 3 Lane 4 
GST-NTD GST-CTD Neg. control Lysate 
B. 
Lane 5 Lane 6. Lane 7 Lane 8 
GST-N'1'll GST-CTD Neg. control Lysate 
etected with anti-lamin 
Detected with anti-GST 
~~ 
expressed in bacterial cells. The construct was correctly identified by sequencing and a 
representative map is shown on F figure 7. 
Lamin tail fusion protein production 
The biotin labeled lamin tail construct to be used for pull down assays was tested for 
production on SDS-PAGrE. ~oomassie blue staining shows that a band at the predicted 
molecular weight is present in protein that has been purified with streptavidin agarose beads 
(Figure 8~. As a control, bacteria containing the vector with out the insert, or bacteria with 
out the vector, were both compared on the same gel. There is .some break down of the 
protein product of the lamin tail fusion protein, but it is predominantly intact. This protein 
can now be used in pull down assays to determine whether it can bind to JIL-1 without the 
entire protein present. 
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Figure 7. Diagram of ~a-2-Lamm Tail erector The sequence for the 58 amino acids at 
the carbaxy-terminal tail domain of lamin cDNA was inserted at the BamH 1 and. Nat 1 sites 
in the ampicillin resistant Pin Paint Xa-2. A biotin tag {lysine biatinylated in the presence of 
biotin} is located upstream. with the start cadan in frame with the lamin DNA. ~n IPT~`r 
inducible promoter is located upstream of the fusion protein sequence to produce high 
concentrations of the protein in LB medium containing IPT~`r. 
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Figure 8. Detection of Biotinylated Proteins E. coli SURE bacteria were grown in LB, in 
the presence of IPTG and biotin, and sonicated to extract protein lysate. Cell debris was 
removed by centrifugation and biotinylated proteins were purred with streptavidin beads. 
The samples were analyzed by SDS-PAGE and detected with alkaline 
phosphatase/NBTBCIP detection systerm. An 21 kb biotinylated protein known to exist in 
E. coli cells is seen in lanes 1, 2, and 3. Lane 1 contains the protein extract from SURE cells 
containing no plasmid. Lane 2 contains the protein extract from SURE cells containing the 
Pinpoint Xa-2 vector. Lane 3 contains the protein extract from SURE cells containing the 
Pinpoint Xa-2 vector with the lamin tail fused to the biotin tag. A 32 kb biotinylated protein 
is observed at the position of the theoretical size of the lamin fusion protein. Some 
breakdown of the fusion protein is observed. 
Biotin labeled 
lamin-tail 
Lane 1 Lane 2 Lane 3 
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DIS~USSI(~N 
The results with the ~FP JIL-1 C'1'I~ signals provide positive evidence that the CTD 
may play an important role. This domain alone can bind to palytene chromosomes in a 
distinct banding pattern. Perhaps this is the region that localizes JIL-1 to sites throughout the 
chromosomes to fulfill it's phospharylation function. Even though the STD binds to 
chromosomes, na dominant negative affect from blocking wild type JIL-1 was obvious. 
Future studied can determine whether there is an affect. More intensive observation with 
confocal microscopy should provide more data with specific banding patterns. Antibody 
staining of the polytene chromosomes will enable a comparison of the C'1'7J localization with 
that of wild type JIL- l . After transgenic Dros©phila is created with the GFP JIL-1 d~TD 
sequence, it will be interesting to observe if this fusion protein is no longer able to localize to 
the chromosome due to the lack of the CTD. Also, it can be observed for whether it is still 
upregulated on the male ~. This line wi11 be important for studying mutant phenotypes 
because it should knock out the interaction between JIL-1 and lamin. 
As described above, there is much evidence that JIL-1 binds to lamin. The region of 
interaction has been narrowed dawn to the C'1'I.~ of JIL-1. Protein production of the lamin 
tail domain fusion protein wi11 enable experiments to determine if interaction is localized to 
this region. The lamin tail domain has already been implicated for binding to many proteins. 
Future interaction assays can be made to determine whether specific amino acids are 
necessary for the interaction. With this knowledge, JIL-1 and lamin mutants at this region 
can help define the role of their interaction. This will enable phenotypes to be observed 
which are direct results of inhibiting JIL-1-lamin interactions, perhaps without disrupting 
~~ 
their other functions. Also, it will be interesting to use l~inase assays to determine whether 
lamin is a substrate of the JIL-1 l~inase. It has been recently hypothesized that lamins may 
play a role as a nuclear matrix scaffold for chromatin binding and remodeling complexes to 
bind. Perhaps JIL-1 binds to lamin to help position chromatin to their chromosome 
boundaries, which results in transcriptional regulation. Also, JIL-1 may be part of a 
chromatin remodeling complex that is positioned by a lamin infrastructure. These 
experiments above provide novel evidence about J1L-1 protein interactions and tools that will 
lead to much understanding about the JIL-1 protein kinase. 
~~ 
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